In the head and neck region, the most common lesion encountered by the otolaryngologist and the pathologist relates to alterations of the surface squamous epithelium. This review will focus on the squamous epithelial alterations of the upper aerodigestive tract (UADT), including premalignant lesions and squamous cell carcinoma (SCC).
Premalignant squamous epithelial lesions of the UADT present diagnostic challenges in that the majority of dysplastic epithelial changes are of the keratinizing type, to which the continuum of mild to moderate to severe dysplasia to invasive carcinoma that characterizes the nonkeratinizing dysplasias does not consistently apply. This results in problems in the histologic grading of these changes and raises questions about what constitutes a diagnosis of severe dysplasia. In this context, the justification for using the designation carcinoma in situ relative to keratinizing dysplasia becomes questionable. I will attempt to address these issues focusing on the spectrum of squamous dysplasias (nonkeratinizing and keratinizing), as well as on the justification of using the term carcinoma in situ for the keratinizing dysplasias of the UADT.
The section on head and neck SCC (HNSCC) will include the diagnostic criteria for recognizing early or microinvasive SCC, pitfalls in differentiating benign lesions that histologically simulate invasive SCC, and the prognostic factors related to HNSCC. There are numerous variants of HNSCC (Table 1) . Some of these variants include papillary SCC, verrucous carcinoma (VC), spindle cell squamous carcinoma, basaloid SCC, nasopharyngeal carcinoma, and adenoid SCC. The diagnostic criteria and diagnostic problems associated with these specific subtypes of HNSCC will be discussed.
The last section of this manuscript includes a brief discussion on genetic aspects of HNSCC, specifically directed at the concept of field cancerization and clonality of multifocal SCC, as well as etiologic agents associated with HNSCC. Finally, emerging diagnostic and prognostic modalities that are currently being used for HNSCC are presented.
TERMINOLOGY

The alterations of the surface epithelium include the following clinical and pathologic terms:
Leukoplakia is a clinical term that describes any white lesion on a mucous membrane. A leukoplakic lesion is usually associated with a mucosal thickening and is not indicative of underlying dysplastic/ malignant lesion.
Erythroplakia is a clinical term that describes any red lesion on a mucous membrane. An erythroplakic lesion is often indicative of an underlying dysplastic/malignant lesion.
Hyperplasia is a thickening of an epithelial surface as a result of an absolute increase in the number of cells.
Pseudoepitheliomatous hyperplasia (PEH) is an exuberant reactive or reparative overgrowth of squamous epithelium displaying no cytologic evidence of malignancy; it may be mistaken for an invasive squamous carcinoma.
Keratosis is an increase in the amount of surface keratin (hyperkeratosis), often with prominent granular cell layer and overlying orthokeratin (anuclear keratotic cells), often admixed with parakeratin (flattened keratotic cells with pyknotic nuclei)
Dyskeratosis is an abnormal keratinization of epithelial cells.
Dysplasia and intraepithelial neoplasia represent a spectrum of abnormal epithelial maturation (dysplasia) and cellular aberrations (atypia) that may or may not precede an invasive carcinoma. Dysplasia is also referred to as atypia.
Carcinoma in situ (CIS) as classically defined represents full-thickness mucosal epithelial dysplastic change without violation of the basement membrane. For all intents and purposes, severe dysplasia is synonymous with CIS.
Early, superficially, or microscopic invasive SCC is defined as squamous carcinoma in which there is penetration of the basement membrane with invasion of the carcinoma into the underlying submucosal compartment.
Clinical Alterations of the Surface Epithelium
The clinical appearance of premalignant or "incipient" lesions of the mucosal surfaces of the upper aerodigestive tract include leukoplakic, erythroplakic, or speckled leukoplakia reflecting the presence of a white, red, or mixed white/red lesion, respectively. Among these clinical changes, erythroplakic lesions are commonly associated with ominous histopathologic alterations, including severe dysplasia, CIS, or invasive carcinoma. In contrast, leukoplakic lesions are not necessarily a premalignant lesion and may demonstrate a spectrum of histopathologic changes ranging from an increase surface keratinization without dysplasia to invasive keratinizing squamous carcinoma. Leukoplakic lesions, in contrast to erythroplakic lesions, tend to be well defined with demarcated margins. Although the risk of developing a malignancy in a leukoplakic lesion is low, there is still a risk (approximately 10 -12%) of malignant transformation (1, 2) The clinical appearance of a mixed white and red lesion, called speckled leukoplakia, carries an intermediate risk between "pure" leukoplakic and "pure" erythroplakic lesions for the development of a malignancy (3), but speckled leukoplakia should be viewed as a variant of erythroplakia (1, 3, 4) . In a study of 236 patients with asymptomatic intraoral carcinoma, Mashberg and Feldman (4) reported that 64% of the lesions were red or predominantly red (erythroplakic), 23% were equally red and white (speckled leukoplakia), and 12% were white or predominantly white (leukoplakic).
Histopathology of Squamous Epithelial Neoplasia
Leukoplakia, erythroplakia, and speckled leukoplakia are not histopathologic terms. The qualitative intraepithelial alteration in a malignant direction is referred to as dysplasia. Dysplasia is for all intents and purposes synonymous with atypia, although dysplasia has been used in relation to architectural abnormalities, whereas atypia has been used for cytomorphologic changes.
Histologic criteria for the diagnosis of intraepithelial neoplasia of the UADT include both cytomorphologic and maturation abnormalities. These alterations include the proliferation of immature or "uncommitted" cells characterized by a loss of cellular organization or polarity, nuclear pleomorphism (variations in the size and shape of the nuclei), increase in nuclear size relative to the cytoplasm, increase in the nuclear chromatin (hyperchromasia) with irregularity of distribution, and increased mitoses, including atypical forms in all epithelial layers. The dysplastic changes may or may not be associated with keratosis and/or dyskeratosis. The locations of the architectural and cytomorphologic changes within the epithelium represent key diagnostic parameters in the assessment of UADT epithelial dysplasia.
The paradigm for grading epithelial dysplasia is the one used for the uterine cervix. In the uterine cervix, the "classic" or nonkeratinizing form of dysplasia commonly occurs. The increasing gradations of cervical dysplasia include mild (CIN I), moderate (CIN II), and severe (CIN III), with the latter representing full-thickness replacement of the squamous epithelium by atypical, small, immature basaloid cells and referred to as carcinoma in situ (Fig. 1) . This grading scheme is reproducible and is clinically useful. However, the "classic" or nonkeratinizing dysplasia of the uterine cervix is uncommon in the UADT, especially in the laryngeal glottis (5) . In contrast, most of the intraepithelial neoplasias of the UADT are keratinizing dysplasias. Using the definition of CIS of the uterine cervix that requires loss of maturation of squamous epithelium, a keratotic lesion cannot be CIS because keratosis requires maturation of the squamous epithelium. Therefore, the use of the specific term CIS in keratinizing dysplasias has been questioned (6) and is likely inappropriate in this setting. A more appropriate designation is of severe keratinizing intraepithelial dysplasia.
The criteria for evaluating keratinizing dysplasias are less defined, and the diagnosis of severe keratinizing intraepithelial dysplasia remains controversial. The definition of severe dysplasia in the UADT, especially in the laryngeal glottis, is broader than the highly reproducible pattern seen in the uterine cervix and includes a microscopically heterogenous group of lesions (6) . In the setting of keratinizing dysplasia, where surface maturation is retained with only partial replacement of the epithelium by atypical cells, severe dysplasia includes those lesions in which the epithelial alterations are so severe that there would be a high probability for progression to an invasive carcinoma if left untreated (Fig. 2) . Severe dysplasia shows the presence of aberrant cell maturation with dyskeratotic cells and mitotic figures with or without atypical forms above the basal zone (7) . These alterations often occur in the presence of surface keratinization. In the evaluation of UADT dysplasia, the presence of surface keratinization is not significant (8) ; however, finding dyskeratotic cells represents an important clue to the presence of significant dysplasia (9) .
Grading Epithelial Dysplasia of the UADT
The histopathologic interpretation and grading of epithelial dysplastic changes in the upper aerodigestive tract is imprecise and subjective. Given the complexities in the issues relative to UADT intraepithelial lesions, confusion and misunderstandings may occur between the clinician and the pathologist that may result in inappropriate management of the patient. Uniformity in terminology is desirable so that there is a correlation between the pathologic diagnosis and the clinical import of that diagnosis. In an attempt to standardize the terminology of upper aerodigestive tract intraepithelial lesions using a grading system akin to that of the cervical mucosa, Crissman and Zarbo (10) used the terminology of squamous intraepithelial neoplasia (SIN), with SIN I equivalent to mild dysplasia, SIN II to moderate dysplasia, and SIN III to severe dysplasia. Similar gradations, but using the terminology of laryngeal intraepithelial neoplasia (LIN) have been proposed (11) . More recently, the Ljubljana classification of laryngeal precancerous lesions was proposed (12) . In this system, the terms used include simple hyperplasia (i.e., keratosis without atypia), abnormal hyperplasia (i.e., keratosis with atypia), atypical hyperplasia (i.e., severe dysplasia), and carcinoma in situ. These systems have conceptual validity but may not be entirely applicable from a practical standpoint in the UADT. At present, the preferred grading for dysplastic epithelial alterations of the UADT includes mild, moderate, and severe dysplasia, depending on the degree and extent of cellular and maturation alterations that are present.
Regardless of the terminology employed, close interaction between the pathologist and the clinician is required so that each individual understands the impact of his or her respective findings and the import to the patient in therapy and prognosis.
Risk of Progression
The end point for the grading of dysplasia is to convey to the clinician what is the potential biologic behavior of a given epithelial lesion. Keratotic epithelium without dysplasia carries a very low risk of developing subsequent carcinoma, with reported incidences of 1 to 5% (10, (12) (13) (14) (15) (16) (17) (18) . In contrast, keratotic epithelium with dysplasia is associated with an increased risk for the subsequent progression or development of premalignant or overtly carcinomatous changes, varying from 11 to 18% (10, (12) (13) (14) (15) (16) (17) (18) of cases. This risk of malignant transformation represents an increase of three to five times as compared with carcinoma arising in keratotic lesions without atypia. Bouquot and Gnepp (19) found greater variability relative to risk progression of keratosis with and without atypia in their review of the literature. Nevertheless, the potential value in grad-FIGURE 2. Keratinizing dysplasia of the larynx. A-C, examples of severe dysplasia where surface maturation is retained but the extent of the epithelial alterations are so severe that there is a high probability for the progression to invasive carcinoma if left untreated.
ing keratotic dysplasias is apparent from Barnes's review of the literature (18) , in which the risk for developing invasive carcinoma in mild, moderate, and severe dysplasia was 5.7, 22.5, and 28.4%, respectively. Other studies have shown that severe dysplasia is associated with increased incidences of persistent disease or progression to invasive carcinoma (20 -23) . Bauer and McGavran (24) indicated that if enough sections are taken, microinvasive carcinoma will be found in laryngeal lesions that have keratosis with cytologically atypical cells.
Another important point to recognize is the clinical concern attached to a diagnosis of severe keratinizing intraepithelial neoplasia. This clinical concern is due to the fact that severe dysplasia is often multifocal and frequently occurs adjacent to or near synchronous foci of invasive carcinoma. Further, this form of dysplasia has a rate of progression to invasive carcinoma that is greater than that of "classic" CIS (20, 23, 25) . A diagnosis of severe dysplasia requires therapeutic intervention, as well as clinical evaluation of the entire UADT to exclude the possible presence of additional foci of dysplasia or carcinoma.
In general, mild and moderate dysplasias are felt to be reversible alterations. Circumstantial evidence supports the idea that preinvasive dysplasias are potentially reversible after cessation or removal of an instigating factor such as tobacco use (26) . The problem of predicting the malignant potential of a dysplastic lesion is greatest in cases of moderate dysplasia. It is virtually impossible to differentiate the moderately dysplastic lesions that are reversible from those that represent the earliest forms of neoplastic transformation (21) . Therefore, a diagnosis of moderate dysplasia should engender enough concern to the clinician to warrant close patient follow-up. Recurrence or persistence of this dysplasia may be indicative of malignant transformation. The determination of whether a mild to moderate dysplasia is reactive or neoplastic, although a desirable goal, is not always achievable. The clinically abnormal lesions that show limited cytologic and maturation abnormalities falling under the designation of reactive atypias or hyperplastic lesions represent reversible changes that rarely, if ever, progress to carcinoma. These lesions are responsive to conservative management. Epithelial hyperplasia (acanthosis) is a common finding and can be seen without atypia or in association with atypia. In hyperplasia, there usually is an irregular contour to the basal zone, and there may be protrusion of the epithelium below adjacent epithelium, possibly suggesting a microinvasive carcinoma. A diagnosis of microinvasive carcinoma should be reserved for those examples in which there is definitive evidence of dissociated squamous cells at the epithelial-to-stromal interface.
Epithelial hyperplasias may be caused by an infectious agent (e.g., fungi), and fungal stains may be useful for identifying the causative microorganism.
Immunohistochemical evaluation for Type IV collagen and laminin has been used in the evaluation of intraepithelial lesions. Sakr et al. (27) found that basal lamina was prominent and continuous in normal and reactive hyperplasias, was usually prominent and continuous in mild to moderate dysplasia, and was thinned and occasionally discontinuous in severe dysplasia or carcinoma in situ.
Microinvasive, Superficial, or "Early" Invasive SCC Microinvasive SCC is a cancer that infiltrates the superficial compartment of the lamina propria. As simple as this may appear, the diagnosis of superficially invasive SCC can be subjective, with no unanimous definition among pathologists. For laryngeal lesions, some authors consider microinvasive cancer to include the presence of scattered malignant cells within the submucosa just below the basement membrane (28) or within 1-2 mm of the basement membrane (10, 29, 30) , whereas other authors feel that microinvasive carcinoma is present when tongues or discrete foci of malignant epithelium invade through the basement membrane (31) . Barnes (18) defines microinvasive carcinoma as invasive SCC that extends into the stroma by Յ0.5 mm, as measured from the adjacent (nonneoplastic) epithelial basement membrane. Irrespective of its specific definition, a diagnosis of microinvasive carcinoma excludes those lesions that are restricted to the surface epithelium or carcinoma in situ (Tis) and those carcinomas that are deeply invasive into muscle and cartilage and into extralaryngeal structures (T2 or greater tumors). Also, the presence of lymph-vascular space invasion would exclude a diagnosis of microinvasive carcinoma. Of note, extension of the dysplastic process to involve the seromucinous glands is still considered CIS and not invasive carcinoma (Fig. 3) . The clinical manifestations and appearance of microinvasive SCC are similar to those of CIS. In the larynx, full cord mobility is present. Any dysfunction in vocal cord mobility (fixation) by definition means muscle invasion, which excludes a diagnosis of microinvasive cancer.
Histologically, microinvasive carcinoma can occur in two unrelated phases. The first is the development from and as a continuum of CIS (Fig. 4) . The second is invasion from an epithelium demonstrating no evidence of CIS. In the upper aerodigestive tract, particularly in the larynx, severe dysplasia (i.e., CIS) is not a prerequisite for the development of an invasive SCC. Such invasive carcinomas "drop off" or "drop down" from the basal cell layer, with the overlying mucosa showing no evidence of dysplasia (Fig. 4) . In all examples of invasive carcinoma, the invasive nests FIGURE 4. Microinvasive carcinoma of the larynx. A, the invasive carcinoma is arising as a continuum from carcinoma in situ (classic type). B, microinvasive ("drop-off") carcinoma arising from the basal area of an essentially non-dysplastic surface epithelium. C, in this illustration there appears to be no violation of the basement membrane, but the extent of downward growth and angulation of the rete are sufficient for a diagnosis of microinvasive carcinoma. must be cytologically malignant with dysplastic changes, dyskeratosis, and mitotic figures, including atypical forms. The tumor nests have an irregular outline with infiltrative borders. The presence of invasive cancer generally results in stromal induction or a desmoplastic host response that includes edematous change immediately around the tumor nests with granulation tissue and fibrosis.
Microinvasive cancer is a biologically malignant lesion potentially capable of gaining access to lymphatic or vascular channels in the lamina propria that may result in metastatic disease. For microinvasive carcinoma of the laryngeal glottis, several studies have shown that the clinical significance is similar to CIS/severe dysplasia: with appropriate therapy (excision and/or radiotherapy), progression of disease from a microinvasive to a more invasive carcinoma does not occur (22, 23, 28, 29) . This may be because of the earlier clinical manifestations produced by glottic cancers leading to an earlier diagnosis of cancer before it has invaded into deeper aspects of the larynx. Glottic microinvasive cancers are generally not associated with metastatic disease because the glottic portion of the larynx has quantitatively less lymph-vascular spaces as compared with the supra-and subglottis. In contrast to the laryngeal glottis, supraglottic microinvasive carcinomas are associated with metastatic disease in approximately 20% of patients (32) The concept of so-called superficially extending carcinoma of the larynx and hypopharynx was introduced as the morphologic equivalent to early carcinoma of the upper gastrointestinal tract (18, 33, 34) . As it is defined, superficially extending carcinoma includes those SCC that invade beyond what is considered as microinvasion or superficial invasion (i.e., not beyond the lamina propria) without invasion into adjacent muscle or cartilage.
Invasive SCC
The clinical (gross) appearance of invasive SCC is quite variable and includes ulcerated, flat, exophytic, verrucoid, or papillary growths. The histologic appearance of invasive SCC may be as variable as the gross appearance without specific correlation between the gross appearance and the histopathologic findings. Invasive SCC of the UADT includes keratinizing and nonkeratinizing carcinomas varying from well to poorly differentiated. Severe dysplasia/CIS of the surface epithelium may be a com- mon component found in association with invasive SCC; this component need not be present. For all types of SCC, the presence of invasion is diagnostic of a malignancy. Invasion can be as large cords or cohesive aggregates or can appear as single (dyscohesive) cells or small irregular aggregates (Fig. 5) . A desmoplastic stromal response is a hallmark feature of invasive cancer. In addition, a foreign body reaction to keratin in the stroma (Fig. 6 ) may also assist in identifying the presence of invasion. Invasive cancer will efface the normal architecture and may be associated with lymph-vascular space invasion, neurotropism, and invasion into muscle, bone, and cartilage. Once the cancer invades beyond a few millimeters or extends into muscle, cartilage, or other soft tissue components outside the anatomic structure from which it originates, then the tumor is a higher clinical stage neoplasm with the potential for more aggressive behavior. Immunohistochemical studies have shown that that the presence or absence of basement membrane components around invasive cancer correlated with the pattern of tumor invasion (27) . The pattern of tumor invasion (single cell versus large cords) represents an inherent biologic parameter of tumor aggressiveness (10, 27) .
Pitfalls in the Diagnosis of Invasive SCC
Sampling is a major issue in the evaluation of SCC of the UADT. In the absence of adequate representative tissue including epithelial-to-stroma interface, one should be circumspect relative to a diagnosis of SCC. Diagnostic pitfalls in the diagnosis of SCC include pseudoepitheliomatous hyperplasia (35) , necrotizing sialometaplasia (36), juxtaoral organ of Chievitz (36) , and radiation atypia.
PEH is an exuberant reactive epithelial response to a variety of stimuli, including chronic inflammatory conditions, infections, trauma, and neoplasms. PEH is classically associated with granular cell tumor (GCT), which is a benign neoplasm of probable peripheral nerve sheath origin, which often occurs in the oral cavity (tongue, lips) and larynx. In the setting of GCT, the epithelial response may be so extensive as to be indistinguishable from SCC (Fig.  7) . Close attention to the presence of the GCT intimately associated with the PEH will assist identifying this epithelial proliferation as reactive rather than neoplastic. To this end, S100 protein may be of assistance in identifying the presence of the GCT. Further, a helpful diagnostic clue in not diagnosing the PEH associated with GCT as malignant is the fact that the epithelial proliferation does not extend below the depth of the GCT. Infections such as fungi and mycobacteria may induce PEH, simulating SCC. Fungi within the depth of the surface epithelium or even within the submucosa may result in PEH of the surface epithelium (Fig. 8) ; special stains may be of assistance in the identification of fungal forms.
Necrotizing sialometaplasia (NS) represents a benign, self-healing (reactive) inflammatory process of salivary gland tissue that clinically and histologically may be mistaken for a malignant neoplasm. NS most commonly involves the intraoral minor salivary glands, in particular the palate, but major salivary glands as well as the minor salivary glands of virtually every site in the UADT can be affected. The most common presenting problem is that of a painless ulcerated lesion or a nodular swelling. The lesions are usually asymptomatic but may be associated with pain, numbness or a burning sensation, and dysphagia. The pathogenesis for NS is felt to be secondary to an ischemic event, with compromise of the vascular supply to salivary glands leading to ischemic necrosis. The ischemia may be iatrogenically induced after an operative procedure, trauma (after intubation), or radiotherapy. NS may occur de novo unassociated with a traumatic event or it may occur in association with other nonneoplastic lesions or in association with a neoplasm (benign or malignant).
NS typically appears as a deep, craterlike ulcerative lesion measuring from 1-3 cm. However, the lesion may appear as a submucosal nodular swelling that may slough, leaving a craterlike ulcer.
The histologic appearance is that of lobular necrosis of the salivary glands, with preservation of the lobular architecture of the minor salivary glands. The histologic hallmark is squamous metaplasia of residual acinar and ductal elements. The necrotic lobules consist of acinus-sized pools of mucin, which may extend into adjacent tissue, eliciting a granulation tissue reaction with associated acute and chronic inflammation. The lobular architecture is maintained, and the metaplastic lobules vary slightly to moderately in size and shape and have smooth edges surrounded by granulation tissue and an intense mixed acute and chronic inflammatory reaction (Fig. 9) . The squamous cells are bland in appearance, with uniform nuclei and abundant eosinophilic cytoplasm, with occasional preservation of ductal lumina or scattered mucocytes. Mucicarminophilic material is seen within lumina and within the cytoplasm of residual mucocytes. With regeneration, mitoses, individual cell necrosis, enlarged nuclei, and prominent nucleoli can be seen. Associated findings include ulcerated mucosa and PEH. PEH results when the metaplastic lobules present in excretory ducts and merge with surface epithelium. This reaction may be striking, making differentiation from an infiltrating SCC very difficult.
The juxtaoral organ of Chievitz (JOC) is a normal microscopic structure of unknown function located at the angle of the mandible, bilaterally, in close association with the buccal nerve near the buccotemporalis fascia. Given the proximity to nerves, these nonneoplastic epithelial structures may be confused with carcinomatous invasion of nerves. This is especially the case during intraoperative consultation in a patient with known oral SCC. The JOC are typically not grossly visualized but may be sampled and sent for frozen section. Histologically, the JOC is composed of well-defined clusters of epithelial cells that may show the presence of intercellular bridges and palisading nuclei (Fig.  10) . The cells are cytologically bland, lacking pleomorphism or mitotic activity. Keratinization is typically absent despite the presence of intercellular bridges.
Radiation-related changes and the differentiation of radiation-induced epithelial changes from recurrent/persistent SCC present one of the more challenging diagnostic dilemmas even for the most experienced surgical pathologist. This differentiation cannot always be achieved by conventional light microscopy, and unfortunately, there are no adjunct modalities that may assist in remedying this diagnostic conundrum. Helpful features that may suggest radiation alterations of benign epithelium include the presence of secondary epithelial and stromal alterations associated with radiation injury, including smudged-appearing nuclei, stromal fibrosis with atypical stromal cells, and endothelial cell atypia (Fig. 11) .
Histologic Prognostic Indicators
Among the histologic findings that may impact the prognosis in HNSCC are the following: (1) status of the surgical resection margins; (2) tumor size and thickness and location of the lesion; (3) pattern of invasion; (4) involvement of lymph-vascular spaces; (5) invasion of soft tissue structures, including nerves, bone, and cartilage; (6) nodal metastasis with or without extranodal extension of tumor; (7) distant metastasis; (8) host response; (9) neovascularization; and (10) presence of multiple malignancies (10, 37, 38) . DNA analysis and oncogene expression (e.g., p53, cyclin D1 protein) have been FIGURE 7. Laryngeal granular cell tumor (GCT) with pseudoepitheliomatous hyperplasia (PEH). A, B, marked PEH simulating the appearance of invasive squamous cell carcinoma. B, the granular cells can be seen in and around the squamous nests. C, GCT is intensely S100 protein immunoreactive. Note in Panels A and C that the PEH does not extend below the depth of the GCT.
reported to have prognostic import in HNSCC (39 -42) .
Morphologic Subtypes of SCC
Papillary (Exophytic) SCC
Papillary (exophytic) SCC represents an uncommon but distinct subtype of head and neck SCC (43) (44) (45) . The demographics for this subtype of SCC are similar to those of conventional SCC, with the tendency to affect men more than women and to occur in adults, with a mean age in the 7th decade of life. Papillary SCCs predilect to the larynx, oral cavity, oro-and hypopharynx, and sinonasal tract (43) (44) (45) . The larynx is the most common site of occurrence. Symptoms vary according to the site of involvement. Papillary SCC usually arise de novo without identification of coexisting benign lesion such as a papilloma, although association with precursor papilloma or occurrence in patients with previous history of a papilloma at the site of the papillary SCC has been reported (45) . Human papillomavirus (HPV) by in situ hybridization and polymerase chain reaction have been detected in papillary SCC (45) .
Pathology
Papillary SCC is most often seen as a solitary lesion with an exophytic or papillary growth. Tumor size may range from 2 mm up to 4 cm. Histologically, papillary SCC has filiform growth with fingerlike projections and identifiable fibrovascular cores or a broad-based bulbous to exophytic growth with rounded projections resembling a cauliflower-like growth pattern, in which fibrovascular cores can be seen but tend to be limited to absent (Fig. 12) . The squamous epithelium is cytologically malignant, and this malignant epithelium identifies these tumors as carcinomas, separating them from papillomas. Surface keratinization is generally limited and often absent. Definitive invasion may be difficult to demonstrate in biopsy specimens, with the carcinomatous epithelium suggesting an in situ process rather than invasive carcinoma. However, the extent of growth with the formation of a clinically appreciable exophytic mass goes beyond the general concept of an in situ carcinoma. These tumors should be considered as invasive, even in the absence of definitive stromal invasion.
Treatment and Prognosis
Surgery is the treatment of choice; adjunctive therapy may be used. The majority of papillary SCCs are low clinical stage (T2); their behavior overall is similar to that of conventional SCC of similar stage (45) , although some authors report a better overall prognosis for papillary SCC than for conventional SCC when matched for T stage (44) .
Differential Diagnosis
The differential diagnosis of papillary SCC includes laryngeal papillomatosis (LP), conventional SCC, and VC. LP is distinguished by its bland epithelial proliferation. Cytologic abnormalities may be seen in LP; they tend to be focal when present but do not approach the level of dysplasia seen in papillary SCC. VC is characterized by a verrucous growth pattern with marked keratosis in layers or tiers, absent nuclear atypia, absent mitotic activity beyond the basal layer, and a pushing rather than infiltrative pattern of invasion. These features contrast with those seen in papillary and exophytic SCC.
Verrucous Carcinoma
VC is a highly differentiated variant of SCC with locally destructive but not metastatic capabilities. VC affects men more than women and generally occurs in the 6th and 7th decades of life. VC can occur anywhere in the upper aerodigestive tract. The most common sites of occurrence in descending order include oral cavity, larynx, nasal fossa, sinonasal tract, and nasopharynx (46 -49) . Symptoms vary according to site: in the larynx, hoarseness is the most common complaint, whereas less frequent symptoms include airway obstruction, hemoptysis, dysphagia; in the oral cavity, there may be a mass with or without pain; in the sinonasal tract, there may be airway obstruction; in the nasopharynx, there may be dysphagia. The most common site of occurrence in the larynx is the glottic area. Oral cavity VCs most commonly arise on the buccal mucosa and gingiva.
The etiology of VC is still being speculated and includes tobacco smoking or chewing. Viral induction appears to be a legitimate etiologic factor in the development of VC, but a causal relationship has not been clearly identified. The active role of HPV is more likely as a promoter in the multistep process of carcinogenesis in squamous cells of the upper aerodigestive tract (see later under "Viruses").
Pathology
VCs appear as tan or white, warty, fungating or exophytic, firm to hard masses of varying size measuring up to 9 -10 cm in diameter. In general, the tumors are attached by a broad base. The histologic appearance of VC is that of a benign-appearing squamous cell proliferation requiring the following characteristics for diagnosis: (1) uniform cells without dysplastic features nor mitoses; (2) marked surface (ortho)keratinization ('church-spire' keratosis); and (3) broad or bulbous rete pegs with a pushing but not an infiltrative margin (Fig. 13) . A mixed chronic inflammatory cell infiltrate composed of lymphocytes, plasma cells, and histiocytes may be prominent along the adjacent stroma. The pathologic diagnosis of VC may be extremely difficult, requiring multiple biopsies over several years before identification of diagnostic features supporting appropriate interpretation. Both clinicians and pathologists should be aware of this fact. To this end, adequate biopsy material is critical to interpretation and should include a good epithelialstromal interface. The pathologist should not overinterpret a verrucoid lesion as a carcinoma without seeing the relationship of the more superficial aspects of the lesion to the underlying stroma.
Treatment and Prognosis
Surgery (conservation or total laryngectomy) is the definitive diagnostic modality. The literature supports the dogma that radiotherapy is contraindicated in the treatment of VC. The reason for this is the purported induction of anaplastic transformation of VC after radiotherapy. However, similar transformations can occur after surgery, cryosurgery, and even without any treatment. Therefore, radiotherapy is not contraindicated in the treatment of VC and can be used in selected clinical settings, including with those patients with advanced disease or patients who are not good surgical candidates. Metastatic tumor to regional lymph nodes is rare, and distant metastases do not occur. The prognosis is excellent after complete surgical removal. Local recurrence may occur if incompletely excised. Cervical adenopathy may be associated with VC, representing reactive changes and not metastatic disease. 
Differential Diagnosis
The pathologic diagnosis of VC may be extremely difficult, requiring multiple biopsies over several years before identification of diagnostic features supporting appropriate interpretation. Both clinician and pathologists should be aware of this fact. To this end, adequate biopsy material is critical to interpretation and should include a good epithelial-stromal interface. The pathologist should not overinterpret a verrucoid lesion as a carcinoma without seeing the relationship to the underlying stroma.
The differential diagnosis of VC includes a variety of lesions, including reactive keratosis, epithelial hyperplasia or pseudoepitheliomatous hyperplasia; verruca vulgaris; (keratotic) squamous papilloma or papillomatosis; Schneiderian papillomas; and keratoacanthoma (when VC affects cutaneous sites). However, VC must be differentiated from the 'conventional' type of SCC. The differentiation of VC from a 'conventional' type of carcinoma is based on the presence or absence of cytologic abnormalities. Dysplastic features limited in scope and confined to the basal zone areas can be seen in VC. Any dysplastic features greater than this should exclude a diagnosis of VC. Hybrid neoplasms composed of VC and coexisting conventional SCC occur (48, 49) and have been reported in up to 20% of cases (48) . Careful evaluation of the depth of the lesion is important to exclude this possibility.
Proliferative verrucous leukoplakia (PVL) and verrucous hyperplasia represent interrelated and irreversible mucosal lesions of the oral cavity and upper aerodigestive tract, with a propensity to progress to either VC or conventional types of SCC (50 -52) . PVL is a rare aggressive form of oral leukoplakia with a tendency to recur, often with multifocal oral involvement, and to undergo malignant transformation. PVL is most common in elderly women (mean age in the 8th decade of life) with a long history (decades) of oral leukoplakia. PVL most commonly begins on the buccal mucosa followed by the hard and soft palate, alveolar mucosa, tongue, floor of mouth, gingiva, and lip. Although a history of tobacco use is present in a high percentage of patients (Ͼ50%), a significant minority of FIGURE 13. Laryngeal verrucous carcinoma (VC). A, squamous cell proliferation with marked surface keratinization ('church-spire' keratosis) and broad or bulbous rete pegs pushing downward into the subjacent stroma. B, VC is characterized by bland, uniform cells showing maturation, retention of polarity, no dysplasia nor nuclear pleomorphism, absence of increased nuclear-to-cytoplasmic ratio, and absence of dyskeratosis.
patients have no history of tobacco use. The diagnosis of PVL in its early stages is virtually impossible because of the innocuous appearance of the lesions. The clinical and pathologic appearance in the early stages of PVL is no different than any other type of leukoplakic lesion. Clinically, the lesion is a flat, thickened keratosis with the histologic appearance of a nondysplastic keratosis. With progression of disease, the lesions become multiple, multifocal, and confluent, with an exophytic and/or warty (verrucoid) appearance. It is in the latter clinical form that squamous cancer (VC or conventional SCC) is seen. Any given lesion may show a combination of verrucous hyperplasia, VC, and conventional welldifferentiated SCC. Given the fact that PVL is associated with VC in a high percentage of cases, some authors believe that PVL should be considered to be a premalignant condition or an early biologic form of VC (51, 53) . This would then obviate the confusion, both clinically and pathologically, that surrounds the use of the term verrucous hyperplasia in describing these oral cavity lesions. PVL is composed of hyperplastic squamous epithelium with regularly spaced, verrucous epithelial projections and associated hyperkeratosis. PVL is a sharply defined lesion, and in contrast to the downward growth into the underlying submucosal compartment by the bulbous rete pegs in VC, the hyperplastic epithelium in PVL remains superficial (without submucosal invasion) and does not extend deeper than that of the adjacent epithelium (Fig.  14) . This raises the issue of adequate sampling and the difficulties of differential diagnosis on incisional biopsy material. To exclude the presence of submucosal invasion, complete excision of the lesion, allowing for histologic examination of the entire lesion is most appropriate. The treatment of PVL is by surgical excision. However, disease-free survival rates after surgery are low due to recurrence and multifocal involvement. Radiotherapy has not been shown to be effective in controlling disease.
Rarely, verruca vulgaris (VV) may occur in the larynx and present difficulties in differentiation from VC. In VV, there is a prominent keratohyaline granular layer, parakeratosis, and sharp acanthotic pegs, features not present in VC (54) .
Spindle Cell Squamous Carcinoma
Spindle cell squamous carcinoma (SCSC) is defined as a tumor composed of conventional SCC (in situ or invasive carcinoma) associated with a malignant spindle cell stromal component. Synonyms include 'sarcomatoid' carcinoma, carcinosarcoma, pleomorphic carcinoma, metaplastic carcinoma, collision tumor, pseudosarcoma, and Lane tumor.
The overwhelming majority of SCSC occur in men (85%), most frequently in the 6th-8th decades of life. SCSC can occur anywhere in the upper aerodigestive tract. The most common sites, in descending order of occurrence, include the larynx (true vocal cords Ͼ false vocal cords and supraglottis), oral cavity (lips, tongue, gingiva, floor of mouth, buccal mucosa), skin, tonsil, and pharynx. Symptoms vary according to site: in the larynx, there may be hoarseness, voice changes, airway obstruction, dysphagia; in the oral cavity or skin, there may be a mass or nonhealing sore with or without pain; in the sinonasal tract and nasopharynx, there may be airway obstruction, pain, epistaxis, discharge, facial deformity, unilateral otitis media, or orbital symptoms. There is no specific correlation with known risk factors (alcohol, tobacco, or environment/occupation). SCSC has been reported in areas of prior irradiation.
Pathology
SCSC often is a grossly polypoid or fungating mass commonly found in the larynx, hypopharynx, oral cavity, and sinonasal tract (55) . Variations in the gross appearance may correlate with the primary site of occurrence: in the larynx, polypoid or exophytic; in sinonasal/nasopharynx, fungating and/or ulcerative. SCSC are firm, tan-white, gray or pink masses varying in size from 1 to 6 cm.
The histologic features that define SCSC include the identification of a malignant undifferentiated spindle cell proliferation and the presence of a conventional squamous cell component (Fig. 15) . The latter includes either in situ squamous carcinoma or frankly invasive differentiated squamous carcinoma. The spindle cell component generally is the dominant cell type. The spindle cell proliferation is usually hypercellular and pleomorphic with large, hyperchromatic nuclei, prominent nucleoli, and many mitoses (typical and atypical). Necrosis is not uncommon. The spindle cell proliferation may be sparsely cellular (hypocellular), with marked stromal collagenization (so-called collagenized SCSC), but nuclear pleomorphism and mitotic figures are still present (Fig. 16) . The growth pattern varies and includes fascicular, storiform, or palisading; an associated myxomatous stroma may be present. Heterologous elements, including bone and cartilage, may be present and may even be malignant (chondrosarcomatous or osteosarcomatous foci).
The spindle cells are cytokeratin immunoreactive in the majority of cases (56 -60) but in up to 40% of cases may be cytokeratin negative (57) . Cytokeratin staining may vary from focal to diffuse. Expression of vimentin and various myogenic markers (desmin, actins) have been reported (58 -61) . S100 protein and HMB-45 are negative. Ultrastructurally, in the majority of cases, SCSC show evidence of epithelial derivation, including desmosomes, tonofilaments, and macula adherens (56, 62). The his-togenesis of the spindle cells is controversial, as evidenced by the array of names given to this tumor.
Epithelial derivation is supported by the intimate association with conventional SCC and by the presence of cytokeratin immunoreactivity in the majority of cases and lack of immunoreactivity with other antibodies. Despite the presence of heterologous elements, including malignant bone or cartilage, neither of these components has been reported to metastasize, and in all probability, they represent a metaplastic phenomenon. Identical immunohistochemical p53 expression patterns in the epithelial and spindle cell components of SCSC support the concept that these phenotypically divergent cell populations share similar developmental pathways and divest the concept that SCSC represents a reactive process or a collision tumor between epithelial and mesenchymal components (63) .
Treatment and Prognosis
Surgery is the preferred therapy. Radiotherapy may be used as an adjunct to surgery, but neither radiotherapy nor chemotherapy has merit as the sole therapeutic modality. The prognosis is dependent on the clinical stage but, in general, is considered poor. Polypoid lesions may behave less aggressively than flat, ulcerative tumors, perhaps correlating with limited (superficial) invasion. Vocal cord lesions that manifest symptoms early in the disease course may have a better prognosis than SCSC arising in other sites (supraglottis, hypo-and nasopharynx), where symptoms occur only after the tumor has become large and extensively infiltrative. Metastatic disease primarily occurs to cervical lymph nodes and lung and may include the following: (1) conventional SCC alone, (2) spindle cell carcinoma alone, or (3) both conventional and spindle cell squamous carcinoma.
Differential Diagnosis
The squamous cell component of SCSC may be limited, requiring multiple sectioning for identification, or it may be absent. The differential diagnosis includes the following: reactive myo-or fibroblastic proliferations, mucosal malignant melanoma, and sarcomas including malignant fibrous histiocytoma, fibrosarcoma, malignant peripheral nerve sheath neoplasm, osteosarcoma, and chondrosarcoma. These sarcomas, although uncommon in relation to a mucosal surface of the head and neck region, do occur. In general, these tumors are deeply seated in any given location and do not usually result in a polypoid mass protruding from a mucosal surface. As a rule, in the absence of any other confirmatory studies (i.e., immunohistochemistry, electron microscopy), a malignant spindle cell neoplasm of a mucosal surface of the upper aerodigestive tract, presenting as a polypoid lesion or identified in more superficial locations of the submucosa, should be considered an SCSC. This is true even in the absence of a squamous carcinomatous component, in the presence of heterologous matrix-producing elements, or in the absence of cytokeratin immunoreactivity.
Reactive and neoplastic lesions composed of myofibroblastic cells include nodular fasciitis-like lesions and inflammatory myofibroblastic tumors (IMT) and have been reported as occurring in the larynx (64) These lesions are moderately cellular with a proliferation of spindle-shaped cells but do not display a striking degree of nuclear pleomorphism. Mitotic figures may be encountered, but atypical mitoses are not seen. The findings of atypical mitoses should prompt consideration of a true malignancy. Although the lesions are not encapsulated, they do not exhibit the insidious pattern of infiltration of adjacent tissues that is characteristic of more aggressive lesions. The lesions may fill the submucosal region, abutting the basement membrane on which the mucosal epithelial cells are resting; however, the spindle cell proliferation does not infiltrate into the mucosal epithelial cells. Nevertheless, the overlying mucosa may appear atrophic in areas. These lesions are cytokeratin negative. In addition, the myofibroblastic cell component may be positive for muscle-specific actin (HHF35), smooth muscle actin, and vimentin. Recent evidence has shown the presence of anaplastic lymphoma kinase (ALK) gene rearrangements and expression in IMT, indicating oncogenic ALK expression as an important mechanism in the pathogenesis of IMT and supporting the concept that IMTs are neoplastic (65, 66) Basaloid SCC Basaloid SCC (BSCC) is a high-grade variant of SCC with a predilection to the base of tongue, supraglottic larynx, hypopharynx, and palatine tonsil (67, 68) BSCC is histologically characterized by an invasive neoplasm composed of basaloid cells intimately associated with a dysplastic squamous epithelium, in situ SCC, and/or invasive SCC.
BSCC occurs more commonly in men than in women and predominantly occurs in the 6th-7th decades of life. These tumors have a predilection for the hypopharynx (pyriform sinus), larynx (supraglottis), and tongue. Symptoms depend on the site of occurrence and include hoarseness, dysphagia, pain, or a neck mass. Etiologic factors include excessive alcohol and/or tobacco use. The cell of origin has not definitively been identified but in all probability is a single totipotential cell capable of divergent differentiation and located either in the basal cell layer of the surface epithelium or within seromucous glands.
Pathology
Grossly, these tumors are described as firm to hard, tan-white masses, often with associated central necrosis measuring up to 6.0 cm in greatest dimension. Infrequently, they may be exophytic in appearance. Histologically, BSCC is an invasive neoplasm composed of basaloid cells with an associated squamous component and demonstrating a variety of growth patterns, including solid, lobular, cribriform, cords, trabeculae, and glandlike or cystic growth (Fig. 17) . The basaloid cell component is the predominant cell type and consists of cells with pleomorphic, hyperchromatic nuclei, scanty cytoplasm, and increased mitotic activity. Peripheral nuclear palisading may be present. Comedonecrosis is seen in the center of the neoplastic lobules. Intercellular deposition of a hyalin or mucohyalin material can be seen, similar in appearance to the reduplicated basement membrane material that is seen in some salivary gland tumors (Fig. 17) . Infrequently, a spindle cell component may be identified, and true neural-type rosettes may rarely be present (69) . The squamous component includes dysplastic squamous epithelium, foci of abrupt keratinization, in situ SCC, or invasive SCC. The squamous foci typically are a minor component, may be focally present, and may be absent in biopsies. Continuity with the surface epithelium may be seen.
Histochemical stains may show periodic acidSchiff-positive and Alcian blue-positive material within the cystic spaces. Immunoreactivity is con-sistently present with epithelial markers, including cytokeratins (AE1/3, 34␤E12,CAM5.2), EMA, and CEA (68 -70) . Neuroendocrine markers (i.e., chromogranin and synaptophysin) and HMB-45 are negative. BSCC may express NSE but is considered nonspecific. Variable expression can be seen with vimentin, S-100 protein, and actin. EM shows the features of SCC, including cell groups with numerous and prominent tonofilament bundles, increased desmosomes, and epithelial pearls and loose stellate granules or replicated basal lamina within the cystic spaces (67, 71) and absence of glandular differentiation (71) . Flow cytometry studies have shown that patients with BCSC whose tumors were DNA aneuploid had better mean survival periods than did those with diploid DNA tumors.
Treatment and Prognosis
The treatment of choice for BSCC includes radical surgical excision and, as a result of both early regional lymph node as well as distant visceral metastases, radical neck dissection and supplemental radio-and chemotherapy may be included in the initial management protocol. BSCC is an aggressive, high-grade tumor with increased tendency to be multifocal, deeply invasive, and metastatic. Metastases occur via lymphatics and blood vessels, with sites of predilection including regional and distant lymph nodes, lung, bone, skin, and brain. Metastases include both basaloid and squamous cell components. BSCC is a rapidly fatal neoplasm associated with high mortality rates within the first year after diagnosis.
Differential Diagnosis
Shallow biopsies may belie the depth and extent of invasion and may not be representative of the lesion leading to erroneous classification. The differential diagnosis of BSCC primarily includes adenoid cystic carcinoma and small cell (undifferentiated) neuroendocrine carcinoma. Adenoid cystic carcinoma is characterized by the presence of a proliferation of basaloid cells with homogenousappearing hyperchromatic nuclei lacking significant pleomorphism and generally devoid of mitotic activity. Further, squamous differentiation is not a component of adenoid cystic carcinoma. Small cell neuroendocrine carcinoma may be difficult to dif- ferentiate from BSCC by light microscopy. This is an important differentiation as small cell neuroendocrine carcinomas are nonsurgically treated with radiation and systemic chemotherapy. Morice and Ferreira (70) compared the immunoreactive profiles of BSCC from small cell neuroendocrine carcinoma and adenoid cystic carcinoma. These authors found that although rare examples of BSCC may be reactive with neuroendocrine markers, including chromogranin and synaptophysin, these markers are typically positive in small cell neuroendocrine carcinoma but absent in BSCC.
Undifferentiated Carcinoma (Lymphoepithelioma-Like or Nasopharyngeal-Type)
Undifferentiated carcinoma is a variant of SCC commonly of nasopharyngeal origin or Waldeyer's ring origin (i.e., base of tongue, palatine tonsils, and adenoids) that arises from the surface epithelium. According to the World Health Organization, nasopharyngeal carcinomas are divided into two histologic subtypes: keratinizing and nonkeratinizing (72) . The nonkeratinizing type is further subdivided into nonkeratinizing differentiated and nonkeratinizing undifferentiated (Table 2) . Synonyms for undifferentiated carcinoma include lymphoepithelioma; Rigaud and Schmincke types of lymphoepithelioma; and transitional carcinoma.
Clinical
Overall, NPC is an uncommon neoplasm in the United States, accounting for approximately 0.25% of all cancers. In China, it accounts for 18% of all cancers. NPC affects men more than women and occurs over a wide age range but is most common in the 6th decade of life. Irrespective of the histologic type the clinical presentation is similar and includes neck mass, hearing loss, nasal obstruction, nasal discharge, epistaxis, pain, otalgia, and headache. The signs and symptoms are often subtle and nonspecific, leading to delay in diagnosis and eventual presentation with advanced disease. The lateral wall of the nasopharynx (fossa of Rosenmüller) is the most common site of occurrence. Lymphoepithelioma-like carcinomas can be found in nonnasopharyngeal head and neck sites, including the larynx and hypopharynx (73, 74; see Table 1 ).
The suggested etiologic factors include the following:
• Genetic and geographic: increased incidence in China, especially in southern (Kwantung province) and northern provinces and Taiwan; although the incidence among Chinese people decreases after emigration to low-incidence areas, it still remains higher than in nonChinese populations; HLA-A2 histocompatibility locus has been suggested as the marker for genetic susceptibility to nasopharyngeal carcinoma.
• Epstein-Barr virus (EBV): elevated titers of anti-EBV antibodies are associated with nasopharyngeal carcinoma (undifferentiated and nonkeratinizing types); (75) however, no clear cause and effect has been established between the presence of EBV and the development of nasopharyngeal carcinoma.
• Other suggested implicating factors: diet, poor hygiene, and environment.
Radiologic findings include the following. Plain film radiograph findings are variable and nonspecific, including a soft tissue mass, bone destruction, and sinus opacity; computed tomography may demonstrate bone invasion, including invasion of the base of skull and expansion of sinuses with progression of disease.
Pathology
The gross appearance of NPC varies from a mucosal bulge with an overlying intact epithelium to a clearly demonstrable mass with extensive involvement of the surface epithelium to a totally unidentifiable lesion fortuitously sampled and identified by microscopic evaluation. Three histologic types are identified based on the predominant appearance and include keratinizing, nonkeratinizing (Fig.  18) , and undifferentiated ( Fig. 19 -21 ). For a description of the histologic features, see Table 3 .
Treatment and Prognosis
As a result of the anatomic constraints imposed by the nasopharynx and the tendency of these neoplasms to present in an advanced stage, supervoltage radiotherapy (6500 to Ͼ7000 rads) is considered the treatment of choice. Responsiveness to radiation varies per histologic type and thereby affects prognosis. The keratinizing subtype is not radioresponsive. These tumors have a tendency to remain localized without (nodal) dissemination. However, based on the radioresistance, the 5-year survival rate is in the range of 10 -20%. The nonkeratinizing subtype is variably radioresponsive. These tumors have a tendency to metastasize to regional lymph nodes. Based on their relative radioresponsiveness, the 5-year survival rate is in the range of 35-50%. The undifferentiated subtype is radiosensitive. These tumors have a tendency to metastasize to regional lymph nodes. Nevertheless, despite the tendency to disseminate and to be the least differentiated of all the subtypes, based on their radiosensitivity, the 5-year survival rate is approximately 60%. Factors that may affect prognosis include the following: (1) clinical stage; (2) patient age (the younger the age the better the prognosis), which probably correlates to the fact that nasopharyngeal carcinoma occurring in younger patients is predominantly of the undifferentiated type; and (3) lymph node metastasis (positive nodes decreases survival by approximately 10 -20%). The sole use for chemotherapy is for widespread disease. The Regaud and Schmincke types of nasopharyngeal carcinoma indicate those neoplasms with syncytial versus individual cell invasive growth patterns, respectively; these designations and their correlated growth have no bearing on the biology of the disease.
Differential Diagnosis
The differential diagnosis of NPC includes nonHodgkin's malignant lymphoma (large cell or immunoblastic), mucosal malignant melanoma, and rhabdomyosarcoma. Differentiation is readily achieved by appropriate immunohistochemical staining.
Adenoid ("Acantholytic" or Angiosarcoma-Like) SCC Another histopathologic type of SCC, but not a unique clinicopathologic entity, is the adenoid SCC. This tumor generally arises in cutaneous sites of the head and neck and, less frequently, arises in mucosal sites of the upper aerodigestive tract, including lip, oral cavity, tongue, and nasopharynx (76) . Adenoid SCC resembles conventional SCC but because of acantholysis of the malignant squamous cells, pseudolumina are present that create the appearance of glandular differentiation (Fig. 22) . True gland formation is not found in this tumor. Stains for mucin are negative. Immunoreactivity is present with epithelial markers (cytokeratin and EMA), but it is nonreactive with CD34, CD31, and Factor VIIIrelated antigen. Ultrastructural findings are typical of SCC (76) .
The differential diagnosis may include adenocarcinoma, adenosquamous carcinoma, and angiosarcoma. The absence of epithelial mucin helps differentiate this tumor from adenocarcinoma and adenosquamous carcinoma. Grossly, adenoid SCC lack the overall appearance of angiosarcoma (a multinodular, violaceous lesion); immunohistochemistry and EM findings help differentiate angiosarcoma from adenoid SCC.
Carcinogenesis, Field Cancerization, and Etiology of HNSCC
In 1953, Slaughter et al. (77) introduced the concept of field cancerization, suggesting the importance of carcinogen activation of an entire exposed mucosa. These authors postulated that multiple, independent, carcinogenic events occurred in separate cells because of exposure of the "preconditioned epithelium" or "condemned mucosa" to a carcinogenic agent. The field of preconditioned epithelium or condemned mucosa became activated or developed into cancer, producing multiple, separate carcinomas, rather than the case being a single cell that becomes malignant (77) . Subsequent studies confirmed the field cancerization phenomenon, in which significant dysplastic changes affect a wide epithelial mucosal field in patients at high risk for developing cancer (e.g., heavy smokers and drinkers; 78 -80) . The concepts of field cancerization and condemned mucosa explain the greater risk to the head and neck cancer patient for the development of a second primary malignancy that in turn plays a significant factor in the tendency for these tumors to recur or persist despite therapeutic intervention, with adverse impact on survival.
Using the same observation made by Slaughter et al. (77) , Carey (81) , and Worsham et al. (82) proposed an alternative hypothesis, suggesting that a single focus of tumor develops and spreads laterally by arborization without disrupting the adjacent normal mucosa. Worsham et al. (82) evaluated synchronous but separate carcinomas (primary floor of mouth and pyriform sinus lying 6 to 7 cm apart) and metachronous carcinomas (recurrences of these tumors after radiotherapy) in a single patient to determine whether the tumors were of common or independent clonal origin. Histologically, the two tumors shared a similar morphology, including invasive moderate to poorly differentiated keratinizing SCCs. The authors found that all four tumors were of monoclonal origin and suggested that in some patients, second primary cancers may arise at distant sites because of the lateral spread of malig- 
Tobacco and Alcohol
The most important risk factors in mucosal HNSCC are tobacco and alcohol (86) . Both tobacco and alcohol represent independent risk factors for the development of HNSCC, and alcohol potentiates tobacco-related carcinogenesis (87, 88) . Tobacco-related carcinogenesis is not limited to the smoking of tobacco products, but there is also a strong association between the use of smokeless tobacco and the development of oral squamous carcinoma. Numerous epidemiologic studies have shown the carcinogenic effects of tobacco and alcohol, as well as other exogenous factors, such as nutritional, occupational, and environmental ones, in the development of head and neck malignancies (89) .
Viruses
There is increasing evidence that various viruses may be linked to the development of squamous carcinoma of the head and neck. A strong association exists between nasopharyngeal undifferentiated carcinoma and the presence of Epstein-Barr virus.
HPV infection has been seen in association with benign nonneoplastic lesions, benign neoplasms, premalignant lesions, and malignant neoplasms of the head and neck (90, 91) . The HPV types that are considered low risk for malignant progression, including Types 6 and 11, are present in nonneoplastic lesions (keratoses) and benign papillomas of various mucosal sites of the upper aerodigestive tract. High-risk or oncogenic types of HPV have been found in squamous-type cancers of the head and neck (90) . The mere presence of the virus in association with these tumors suggests a carcinogenic role, but a direct cause and effect remains elusive. HPV may play a role in the earliest stages of carcinogenesis and has been found in benign keratotic lesions and premalignant lesions (dysplasia) of the larynx (10, 90) . Oncogenic types of HPV have been identified in cancerous lesions or lesions with a known potential to evolve into cancer, suggesting that HPV infection plays a significant factor in the development of SCC (90) . An association between HPV infection and tobacco-linked keratosis or leukoplakia in oral cavity lesions has been shown, suggesting a synergistic role for tobacco and papillomavirus in the development of HNSCC (91) . Viral induction appears to be a legitimate etiologic factor in the development of VC, suggesting that it plays a direct active pathogenetic role of HPV, rather than is an innocent bystander, in the development of VC. The active role of HPV may be as a promoter in the multistep process of carcinogenesis in squamous cells of the UADT. Two viral oncoproteins of highrisk HPVs, E6 and E7, promote tumor progression by inactivation of p53 and retinoblastoma tumor suppressor gene products, respectively (92) (93) (94) . These viral oncoproteins are capable of disrupting the cell-cycle regulatory pathways in the genetic progression to SCC. Dysfunction of the retinoblastoma gene product results in abnormal cell proliferation and the development of malignant tumors (93) . More recently, Gillison et al. (94) reported evidence for a causal association between HPV and a subset of HNSCC. The results of this study apparently indicate that HPV-positive oropharyngeal cancers are likely causally associated with HPV infection. Mork and colleagues (95) found HPV-16 to be a risk factor for HNSCC but could not demonstrate a cause-and-effect relationship between HPV-16 infection and the development of HNSCC.
Interactions of susceptibility factors and exposure play a role in HNSCC (96) Susceptibility factors may be the reason that some individuals do not develop cancers despite long-term exposure, whereas others develop HNSCC at an early age with much less exposure. Susceptibility factors include immunologic factors and age. Susceptibility factors also exist for carcinogens. Genetic polymorphism in metabolizing enzymes (e.g., p450) may predispose a person for cancer development.
Genetics of HNSCC
The development of neoplasia is a process of clonal expansion and clonal evolution, which are thought to be driven by genetic and epigenetic changes affecting expression of genes that regulate normal homeostasis. Initial events may affect pathways that control cell cycle. Later events appear to alter functions associated with tissue organization, cellular migration, and failure to respond to death signals (96) .
Evidence of a genetic predisposition to head and neck cancer has been known for some time. In 1932, Warren and Gates (97) suggested the possibility of a genetic predisposition or susceptibility in some individuals to the development of head and neck cancer. The sporadic occurrence of SCC in young adults and in nonusers of tobacco and alcohol suggests the possibility of genetic predisposition (98) , although more recent studies suggest that in comparison to tumors of smokers, the tumors of nonsmokers contain a lower frequency of genetic alterations (99) . Additional evidence for a genetic basis of carcinogenesis for HNSCC includes the presence of chromosomal alterations, including deletions, rearrangements, amplifications, and overexpressions in head and neck cancer (83) and mutagen-induced chromosomal fragility (100 -107) . Whether these genetic alterations occur independently, exclusive of other contributing carcinogenic factors, or whether they represent a multistep process occurring with or secondary to another carcinogenic stimulus remains to be determined.
Mutagen Sensitivity
Although exposure to a carcinogen is critical to the potential development of a head and neck malignancy, host-specific factors also influence cancer risk by modulating the susceptibility to carcinogenic agents. The individual response to the mutagenic activity of exogenous agents resulting in defective DNA repair mechanisms, referred to as mutagen sensitivity, is a complex phenomenon involving multiple genetic factors (100 -102). Mutagen sensitivity has been reported to be a significant risk factor for HNSCC, and the interaction between cigarette smoking and mutagen sensitivity has been shown to have a multiplicative effect (103, 104) . The clinical follow-up of the mutagen-sensitive head and neck cancer patient has shown these patients to be at greater risk for developing a second primary malignancy, as compared with a control group of head and neck cancer patients who were less mutagen sensitive (105) (106) (107) . Prospective studies of head and neck cancer patients have shown that mutagen sensitivity was a significant predictor of risk for developing a second primary malignancy and can be used as a "marker" for second primary malignancies (105) (106) (107) .
Molecular Biology and HNSCC
Past and Present
Molecular biologic studies such as DNA hybridization and polymerase chain reaction (PCR) have been extensively used in patients with head and neck cancers in the evaluation of pathogenesis of disease and as potential determinants in prognosis. Point mutations, gene deletions and translocations, insertional mutagenesis, and amplification and overexpression of oncogenes/anti-oncogenes and tumor suppressor genes have been studied (38) . Among the genetic markers that have been studied are the oncogenes c-erbB-2 (HER-2/neu), ras oncogene family (K-ras, H-ras, and N-ras genes), the myc oncogene family (c-myc and N-myc, L-myc), cyclin D1/CCND1 (PRAD-1), and the tumor suppressor genes p53 and retinoblastoma. Deletion, allelic imbalances, or LOH on short arm (p) of chromosome 3 occurs in HNSCC and have been shown to be associated aggressive biologic behavior (108), as well as having prognostic and therapeutic import (109) . Molecular biologic studies have now been incorporated into the realm of intraoperative consultations. Brennan et al. (110) used molecular biologic markers to assess histopathologic negative surgical margins and negative lymph nodes for patients with SCC of the head and neck. The authors found p53 mutations in tumor resection margins and in lymph nodes that were free of tumor by conventional histologic examination. The presence of p53 mutations in "tumor-free" surgical margins and lymph nodes portended a substantially higher risk of local recurrent disease than in those patients without p53 mutations.
Present and Future-Comparative Genomic Hybridization and Microarrays
Comparative genomic hybridization (CGH) is a technique used to visualize losses and gains of chromosomal segments using DNA extracted from tumor tissue (111) . CGH is a powerful tool for screening tumors for genetic changes. CGH has been used in the evaluation of HNSCC showing frequent deletions in chromosome 3p and frequent increases in chromosome 3q, as well as in 11q13, 8q, 19q, 19p, and 17q (112) (113) (114) (115) (116) . CGH has been used in attempts to predict prognosis in HNSCC (117) , as a potential marker for clinical response (118) , and to detect metastatic disease (119, 120) .
Functional Genomics
Functional genomics allows for large-scale, genomicwide experimental approaches to study the roles that genes play in the cell (96, (121) (122) (123) (124) (125) . Through functional genomics, thousands of genes can be studied simultaneously and quantitated, making it possible to compare a cell's gene activity at different time points or in different metabolic states. Functional genomics relies on the propensity of one strand of linked nucleotides to bind (hybridize) to its complementary strand. In comparison to other hybridization methods, functional genomics improves on the scale, specificity, sensitivity, speed, quantitation, and reproducibility achievable with hybridization. Microarrays have revolutionized the ability to detect genetic changes and to identify alterations in gene expression in tissues or cells.
The two current mainstays of functional genomics are the oligonucleotide chip referred to as the gene chip (genomic DNA arrays) and the gridded cDNA microarray chip (expression arrays). Oligonucleotide chips are thumbnail-sized silica glass squares enclosed in a plastic frame. On gene chips, photolithography is used to construct small synthetic oligonucleotide probes representing snippets or small segments of linked nucleotides (chromosomes) representing selected and highly characteristic regions of genes. The location of each chromosome is known, and then normal and tumor DNA labeled with different fluorochromes are mixed in equal amounts and hybridized to the array. A fluorescent reader determines the color of each spot. If the segment or gene is lost in the tumor, then the spot will hybridize predominantly with the normal DNA and will be stained red. If the gene is amplified in the tumor, then the spot will hybridize predominantly with the tumor DNA and will be stained green.
In contrast, the gridded cDNA microarray chips are standard glass microscopic slides on which are spotted PCR products of individual cDNA clones.
cDNA is a version of DNA that represents only those gene regions whose code is translated into protein.
The cDNA probes deposited on microarray slides are composed of known genes whose functions are at least partially understood or of cDNA fragments called expressed sequence tags whose functions are not known and that contain no previously identified functional motifs. For the expression arrays, total RNA is collected from test and normal samples, and the expression of genes in the normal is compared with those in the test sample. To detect changes in gene expression associated with a tumor development, RNA is collected from fresh tissue (tumor and corresponding normal tissue). RNA is converted directly to cDNA using reverse transcription and the cDNA is used to probe the array (if the RNA is limited, then linear amplification is used). As with genomic arrays, the test cDNAs are tagged with fluorescent dyes, the test cDNA with green dye and the control is labeled with red dye. Genes that are up-regulated in the tumor will appear predominantly green, whereas those that have been shut off in the tumor will appear predominantly red.
Whether using oligonucleotide chip or cDNA microarray chip, the arrayed nucleic acid probes can be used to identify which of a cell's genes are expressed within it. Because the sample cDNA is derived from products of all of the cell's active genes, each hybridization event is evidence of gene expression. Because the identity and location of each oligonucleotide or cDNA probe within the array is known, the cellular genes that are expressed are also known. Visualizing and analyzing that expression is key. Gradations in hue indicate relative degrees of expression in two different cells, whereas variations in intensity of light emitted indicate differences in abundance.
To date, functional genomic analysis on HNSCC has been limited (126) . Potential use of functional genomics with HNSCC may be in diagnosis, prognosis, and response to therapy.
